ABSTRACT: Eutrophication is an increase in the biological productivity of water basins resulting from the accumulation of biogenic elements under the influence of anthropogenic factors. Natural eutrophication is a slow and inevitable process. Artifical eutrophication is caused by human activity and it can be very rapid, especially in technologically developed countries. Eutrophication does not represent a mere change of water but a change in the metabolism of the entire ecosystem and hence a change of the ecosystem itself. In Serbia and Montenegro, all factors are present that promote eutrophication in both still (especially in lowland areas) and running waters. This paper deals with the results of eutrophication monitoring and prognostication for the DTD canal network and major rivers and lakes in Serbia, including a special review of the trophic status of lakes in the country's main lowland region, the Vojvodina Province. As phosphorus concentration is an important factor in the process of eutrophication of a body of water, the study has devoted particular attention to the control of this element.
INTRODUCTION
The first study of eutrophication dates back to the early 19 th century (D e C a n d o l l e, 1825) when a Cyanophyceae species Oscillatoria rubescens invaded the lake Murtensee in Switzerland. This bacterial species is still considered a reliable indicator of eutrophication.
Natural eutrophication is independent of human influence and its rate is variable. In regions rich in nutrients, shallow waters start as euthrophic. In regions poor in nutrients, there occur oligotrophic lakes. Natural eutrophication has a slow progress, it never reaches catastrophic proportions but it cannot be stopped.
Accelerated eutrophication caused by human action is called artificial eutrophication. The process may be rapid and it occurs primarily in countries boasting of high technological advances. The process may be interrupted only by discontinuing the supply of nutrients (E d m o n d s o n, 1969). If the release of household waste waters into water ecosystems continues, the saprobity of water keeps increasing. Some microorganisms take part in water self-purifica-tion, mineralizing organic substances into inorganic compounds. This process increases the trophic level and water turns eutrophic (U h l m a n n, 1967). A similar process takes place in installations for purification of communal and industrial waste waters. If, however, waste water rich in nutrients is released into lentic waters, it enters the cycling of nutrients within the ecosystem resulting in artificial eutrophication with all of its negative consequences.
EUTROPHICATION IN SERBIA AND MONTENEGRO
In Serbia and Montenegro (SCG) and especially in the SCG lowlands, all factors that encourage eutrophication of lentic waters are in evidence. The interest in eutrophication has intensified in recent decades. This interest coincided with the OECD international project (1982) on the control, monitoring and forecast of eutrophication which has generated a series of reports that presented results gathered over a period of several years. Attention was focused on the control of phosphorus since a number of studies have indicated phosphorus as a key factor of eutrophication.
In all studies of eutrophication of lentic waters conducted so far in SCG, attention has been given to phosphorus and its various forms since it is considered the most important element in biological production, particularly in the processes of artificial eutrophication. Numerous literature data refer to phosphorus as a limiting factor in the biological production of organic matter (S c h i nd l e r and L e a n, 1973; S c h i n d l e r and F e e, 1974).
Based on the Water Act (Official Gazette of the Republic of Serbia nos. 46/91, 53/93, 67/93 and 48/94) and the Regulations on the Monitoring of Water Quality brought by the Government of the Republic of Serbia, Hydrometeorological Bureau of the Republic of Serbia systematically monitors quantitative and qualitative characteristics of the surface and ground waters on the territory of Serbia. Tables 1 and 2 present the results of saprobiological analyses and phosphorus concentrations, two important water quality parameters, in the major water courses and reservoirs in Serbia.
Danube. The saprobiological analysis of water quality of the Danube River has indicated the presence of a moderate organic load. Bioindicators of b-mesosaprobic zone were dominant, accompanied by indicators of a-mesosaprobic and polysaprobic zones. The groups Bacillariophyta and Chlorophyta were the most frequent organisms. The saprobity index placed the water quality into class II.
Tisza. A moderate organic load. Predominance of indicators of b-and a-mesosaprobic zones, chiefly belonging to the groups of brown and green algae. The saprobity index was within the limits of b-mesosaprobic zone, i.e., quality class II.
Sava. A moderate organic load. Predominance of indicators of b-mesosaprobic zone. The saprobity index within the limits of quality class II.
Velika Morava. Predominance of indicators of b-mesosaprobic zone from the groups of brown and green algae. The saprobity index in quality class II. The average annual rainfall in the mountainous part of the country ranges between 800 and 1200 mm. The annual rainfall is below 800 mm in the largest part of Serbia, while the northern parts of the country have the rainfall bellow 600 mm.
The population of Serbia and Montenegro is 10,394,026, with the population density of 101.7 inhabitants/km 2 . According to the 1953 census, 72.9% of the population lived in the rural areas. In the 1991 census, their number was 28.4%.
In the year 2000, the total arable land in Serbia and Montenegro was 44,450,000 ha and the number of agricultural workers was 1,738,078 or 17.1%. In 2002, the number of private farms was 1,175,706 and the number of agricultural enterprises and cooperatives 1,550.
The total area of the Republic of Serbia is 88,361 km 2 and it can be roughly divided into three geographic units. The Vojvodina Province is a lowland, the central Serbia is a medley of plains, hills and mountains, while the Kosovo and Metohija Province is comprised of hills, mountains and valleys. Of the total arable land in the Republic, 85.1% are privately owned and 14.9% are state owned.
According to elevation, lowlands (up to 200 m above sea level) take 37% of the Republic of Serbia, hills (200-500 m) and low mountains (500-1000 m) each take 26% and high mountains (> 1000 m) take about 11%. Regarding inclination, there is a relatively high percentage (42.6%) of steep or very steep slopes (above 30°) covered with shallow soils prone to erosion and unsuitable for cultivation. Level sites (sloping less than 5°) and mild slopes (5-10°) take one third of the territory and the remaining 24% are slopes between 10 and 30°, which can be used for agricultural purposes after applying certain measures (H a d ÿ i ã et al., 2002) . In the year 2000, eroded soils covered an area of 3,486 km 2 while the area recovered from erosion was 1,544 km 2 . In the same year, the area protected from flooding was 1,376,000 ha of arable land, and the flooded area was 60,100 ha in Yugoslavia and 46,090 ha in Serbia. Drainage practices had to be applied at 2,073,000 ha, with the total canal network of 27,205 km. The portion of agricultural land in the total territory of the Republic of Serbia is 65%. The main categories of agricultural land according to use are presented in In the year 2000, the total consumption of mineral fertilizers was 304,000 t, or 108,000 t of active substance. The average amounts of mineral fertilizers and active substance per hectare were 68.4 and 24.3 kg/ha -1 , respectively. The number of domestic animals per hectare of arable land was 0.35.
Mineral fertilization in Serbia and Montenegro fell below normal in the early 1990's and this practice persisted to date. For the sake of comparison, 1,450,000 t of mineral fertilizers or 556,000 t of active substance were applied in 1985 to a comparable acreage. These amounts were five times as large as the currently used amounts. This is why the period 1980/90 is considered a period of intensive use of mineral fertilizers and chemicals in general. In the wheat-growing regions, fertilizers were applied on the basis of a system of soil fertility control, at the ratio 1:0.52:0.45 (N:P 2 O 5 :K 2 O). During the period of UN sanctions, fertilizers application plummeted (P and K could not be imported) and the ratio became quite unfavorable, 1:0.2:0.2. A study of B o g d an o v i ã et al. (1993) gave global estimates of soil contamination with heavy metals and the contents of biogenous elements for 2,600,000 ha of arable land in Serbia (Table 4) . A comparison of the 1993 results with the 2000 results from the soil fertility control system showed considerable reductions in the contents of potassium and especially phosphorus, which were obviously due to the systematic omission of P and K fertilization in the period 1990/2002. The high contents of phosphorus (67% in the optimum class, 6.5% in the high class) in the soils of the Vojvodina Province were the consequence of in-tensive P fertilization before 1990 (Table 4) . As previously mentioned, the average NPK ratio in Serbia and Montenegro in the 1970's was 1:2.5:1.2, to fall to 1:0.2:0.2 in the year 2000. This trend caused reductions in the yields of agricultural crops, which was undesirable, but it also lowered a risk of pollution (eutrophication of waters by nitrates and phosphorus). On account of this short supply of fertilizers and pesticides, the largest portion of the arable land in Serbia and Montenegro is free of the risk of contamination with heavy metals and other harmful substances, which makes it suitable for the production of safe food. (1993; 1997) , based on long-term experiments (25 years) on intensive exploitation of the chernozem soil, a positive balance of nutritive elements is achieved by applying 100 kg N/ha, 50 kg P 2 O 5 /ha and 40 kg K 2 O/ha. The nitrogen fertilization was based on the N min method, the phosphorus and potassium fertilization on the balance method. Available phosphorus and potassium were analyzed at 4-year intervals. Results of soil analyses were used for planning PK fertilization of the crops grown.
The most frequent agricultural sources of contamination of surface waters, water from the first aquifer and the deeper ground waters are mineral fertilizers, liquid manure, communal and industrial waste waters. The Ministry for Science, Technology and Development of the Republic of Serbia finances national projects which cover only a part of studies of importance for environmental protection. The provided funds are insufficient for conducting countrywide experiments on a long-term basis. Therefore, this paper deals with the results of a 10-year study "Eutrophication of lentic waters of the Vojvodina Province" conducted by Ð u k i ã et al. (1991) . Additionally, it covers the results of eutrophication monitoring in two mountain and two lowland reservoirs and two lowland lakes, conducted in the period 1989/90 (Table 5 ). The most important parameter from the point of eutrophication is the way a reservoir is supplied with water.
Borkovac Reservoir, built in 1975, is located on the southern slopes of the Fruška Gora loess plateau. Its size at normal water level is 41.4 ha, its drainage area is 23.8 km 2 . The reservoir was constructed primarily for improvement and intensification of agricultural production. It is surrounded with orchards and vineyards, forest and tilled land. As the reservoir also serves as a flood wave regulator, it permanently receives certain amounts of nutrients.
In a 10-year study (1980/90) of Ð u k i ã et al. (1991) , the total amount of dissolved salts was 410 g/m 3 . Trophicity parameters are given in Table 5 . Based on the 10-year trophicity parameters in Table 5 , Borkovac Reservoir may be classified as mesotrophic, noting that oligo-mesotrophic elements tend to occur from time to time. Based on the presence of heterotrophic bacteria, according to the water classification of K o h l (1975), the water of Bor- Total N Sot Reservoir was constructed in the immediate vicinity of the Fruška Gora Mountain and it was put in operation in 1981. The geological substrate of the reservoir consists of crystal schists predominantly covered with loess. The size of the reservoir is 22 ha, with the drainage area of 13.6 km 2 . The reservoir, surrounded with orchards and forested land, was constructed for irrigation and to prevent intensive local erosion. The average amount of dissolved salts in the period 1980/90 was 313 g/m 3 . Trophicity parameters are given in Table 5 . The level of trophicity varied in the period 1980/90 as indicated by the parameters given in Table 5 , placing the reservoir into the category of mesotrophic waters with oligotrophic characteristics occurring periodically. The results of enzymatic (phosphatase) water activity indicated a trend of gradual deterioration of water quality. In the course of the observation period, the Sot Reservoir passed from category II and III (moderately contaminated) to category III A (contaminated).
Zobnatica Reservoir was constructed in the region of Baåka in 1978. It is supplied from the Krivaja Brook which receives certain amounts of waste water from the village of Bajmok, and it may be potentially contaminated with nutrients coming from the pig farm in Ðurðin. The size of the reservoir is 250 ha. Arable land reaches to the very edges of the reservoir and this is how nutrients contaminate the reservoir. The total amounts of salt ranged from 487 to 700g/m 3 . They were found to vary in dependence of climatic conditions, intensity of mineral fertilization in the drainage area and the amounts and composition of the waste waters reaching the reservoir. The water in the reservoir is of the Na-HCO 3 type. This type is characteristic for and widely spread in the Pannonian Plain. Trophicity parameters are given in Table 5 .
Considerable differences were found when comparing the 10-year values of total phosphorus for the Zobnatica Reservoir on one side and the Fruška Gora Reservoirs (Borkovac and Sot) on the other. The former reservoir had much larger amounts of phosphorus, the annual increments indicating the presence of a process of accelerated eutrophication. The Zobnatica Reservoir is classified among eutrophic waters, with periodic mesotrophic and polytrophic elements. The results of enzymatic (phosphatase) water activity indicated a trend of gradual deterioration of water quality in the course of the study period. The average annual values of the index of phosphatase activity of water showed that the water gradually passed from class IIA to classes IIIB, III and IV. Studying the effect of agricultural production on water contamination in reservoirs of the Vojvodina Province in the period 1980/89, V a j a g i ã and B e l i ã (1990) noted for Zobnatica Reservoir a degradation of water quality even in the case of well-drained soils.
The Ludoš Lake. Its size is 330 ha. It is provided with water through the canal Ludoš-Paliã, which receives purified water from Sector II of the Paliã Lake and from the Kereš Brook. It is located in an urban area 12 km away from the town of Subotica. It is surrounded by private farms which use its water for irrigation. The total amounts of dissolved salts ranged from 992 to 1,257 g/m 3 . Over the 10-year study period of Ð u k i ã et al. (1991) , the chemical type of water changed from NaCl to NaHCO 3 and then to Na 2 SO 4 . Trophicity parameters are given in Table 5 . The average annual values of the index of phosphatase activity of water showed that the water had a very low quality. R a t a j a c (1988) found that the eutrophication of that lake was intensive. Studying nutritive elements and trophic level of the lake in the period 1982/87, S e l e š i (1988) found that the primary organic production kept increasing, classifying it as eupolytrophic with the plankton-type eutrophication and recommending a beginning of reclamation.
The Paliã Lake is one of the oldest lakes in Yugoslavia (originating from 1781). The main source of the phosphorus load of the Paliã Lake is definitely the purified waste water from the town of Subotica.
In the period 1977-1998, the following results of P were obtained for the first accumulating pond:
-Mean annual amount of purified water, 11,424,145 m 3 ; -Mean P content in purified water, 9.01 g/m 3 /year; -Total P reaching the first accumulating pond, 103 t/year (S e l e š i, 2000).
This enormous amount of P is incorporated into living organisms in the first and second accumulating pond. P uptake by the living organisms is very intensive since the P content in the first accumulating pond (9.01 g/m 3 ) is reduced to 2.9 g/m 3 in the lake intended for public recreation and tourism. The average results of the 19-year study are (calculated per 10 million m 3 of water, the remaining water considered as having evaporated):
-Total amount of water, 10 000 000 m -3 /year -Total amount of P, 19-year average, 2.9 g/m 3 -Total P reaching the tourist part lake, 29 tons/year Taking in consideration that the amount of P in the dry residue of algae is 1%, it ensues that the tourist part of the Paliã Lake can annually produce 2,900 t of algal dry residues from the amount of P coming to the lake (thence the thick and intensively green water of the lake). The installed filters are capable of decomposing the organic matter in the urban waste water, but salts go directly into the lake. In the presence of O 2 , the bacterial filters mineralize organic matter into inorganic salts and they also are deposited in the lake. In that way the lake takes double pressure: from nutritive salts originally contained in industrial waste water and from nutritive salts formed as the end product of organic matter degradation in the purification technology. This enormous amount of nutritive salts (primarily phosphorus and mineral N) is used by algae which multiply in masses, giving the dark green color to the lake water and reducing its transparency. P and N not only represent a load for the lake water but also they are taken up by living organisms, thus entering the cycle of nutrients, remaining in the lake for a protracted period and causing undesirable changes. To successfully protect lake waters (of the Paliã and other lakes), it is necessary: to reduce or discontinue the application of mineral fertilizers in the immediate vicinity of the lake, to prevent soil erosion, to establish a protective belt around the lake, with grassland, shrubbery and forest, to reduce animal production to a minimum in the immediate vicinity of the lake, etc.
CONCLUSION
Studies conducted so far on the occurrence of eutrophication in Serbia have led to the following conclusions:
The most common sources of agricultural pollution of surface waters, first aquifer waters and groundwaters are mineral fertilizer and liquid manure application and community and industrial wasterwaters.
The amount of salts (primarily phosphorus and mineral nitrogen) in water depends on climatic conditions, mineral fertilizer use in the catchment area and the amount and composition of wastewaters that flow into the accumulation.
Monitoring of trophic status parameters in accumulations and lakes has revealed that the quality of water has dropped severely with a tendency towards further eutrophication (Table 5 ). This calls for protective measures to be taken, otherwise the waters will become unusable for their intended purposes.
In order to slow down the process of eutrophication in the lakes and accumulations, mineral fertilizer use should be reduced or even completely discontinued, soil erosion around the lakes should be prevented, buffer zones should be established that consist of lawns, shrubbery or even woods, and all animal husbandry activity in the surrounding area should be reduced to a minimum. Vol 32, 271-284. Ð u k i ã, Nada, P u j i n, Vlasta, M a l e t i n, S., G a j i n, Slavka, G a n t a r, M., P et r o v i ã, Olga, R a t a j a c, Ruÿica, M a t a v u lj, M. (1991): Eutrofizacija stajaãih voda Vojvodine I deo. Vode Vojvodine. 1-98, Novi Sad.
posebno u zemqama sa razvijenom tehnologijom. Pojava eutrofikacije nije neka prosta promena vode, nego promena metabolizma åitavog ekosistema, a rezultat toga je promena i samog ekosistema. U našoj zemqi su, takoðe, prisutni svi oni atributi koji pospešuju eutrofikaciju stajaãih voda, posebno u ravniåar-skim reonima, ali i tekuãih voda. Otuda se u radu iznose rezultati monitoringa i prognoze eutrofikacije za kanal DTD i veãe reke i jezera, sa posebnim osvrtom na parametre trofiånosti jezera u ravniåarskom delu Srbije -Vojvodini. Kako je koncentracija fosfora u vodama znaåajan faktor eutrofikacije, otuda je i posebna paÿwa posveãena kontroli ovog elementa. Na bazi parametara trofiånosti vode u akumulacijama i jezerima u Vojvodini (tab. 5), kvalitet vode u praãenom periodu jako se pogoršao, sa tendencijom daqe eutrofikacije, te se moraju preduzeti mere zaštite jer ãe u protivnom voda biti neupotrebqiva za namene za koje je projektovana.
